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还对以这两类原料来制取 DFF 产品的优缺点进行了比较。 







催化剂作用下，分子氧辅助选择性催化氧化 HMF 生成 DFF 的反应途径及其机理进
行相关的研究。该研究对后续在此基础上开展针对该反应体系的一系列研究以及
对采用清洁催化氧化法生产2,5-二甲酰基呋喃的工业化应用有一定的指导意义。 
HMF 是一种重要的生物基平台化合物，由其出发制取 DFF 产品的反应过程就
目前而言还面临着诸多困难。因而，本研究还将一种具有高效催化活性的活性二
氧化锰催化剂用于上述反应，在以 N,N-二甲基甲酰胺(DMF)为溶剂，温度 393K
和氧压 60 bar 的条件下，在该催化剂作用下的反应在转化率较高的同时获得了 
~73%收率的 DFF。通过诸如 XRD、SEM、TEM 以及元素分析等的分析，发现该非均
相型催化剂具有成本低、高效和环境友好等特性，非常适合于一锅法有氧选择性
催化氧化 HMF 生成 DFF 的反应。这些研究结果对未来开发更多高效催化剂用于工
业化生产 DFF 产品有一定的指导意义。尽管 DFF 具有广泛的应用前景，但是要规















底物时，DFF 能够在一种以 AlCl3·6H2O/NaBr 和钒化合物为催化剂，分子氧为氧化
剂，DMF 为溶剂的反应体系下生成得到。在该研究过程中，反应可在具有不同容
积的反应器中进行，结果表明在底物葡萄糖实现较为完全转化时，基于葡萄糖量
的 DFF 收率达到了 35~48%。上述一锅两步法制取 DFF 的反应具有原料成本低、
无需 HMF 分离与纯化等优势。反应条件经进一步的改善和优化后，该工艺可望应
用于未来 DFF 的工业化生产。 
为了更好地实现 DFF 的工业化生产，已有多种方法可用于高效地制取该产品。
在本研究中，也尝试了将一些过渡金属化合物以及镧系化合物催化剂用于有氧选
择性催化氧化 HMF制取该高附加值 DFF产品的反应，这些催化剂包括 Nb2O5、V2O5、
C3F9O9S3Yb·xH2O、Na3VO4、KVO3、MnO2以及过渡金属化合物 CuCl+KVO3协同催化剂。
其结果表明：Nb2O5和 Na3VO4对该转化反应没有明显的催化活性。而 C3F9O9S3Yb·xH2O
和 MnO2为催化剂时，没有 DFF 生成，但生成了其他氧化产物如 5-乙酰氧基甲基
-2-呋喃醛。而实验结果表明 KVO3、V2O5以及 CuCl+KVO3协同催化剂在有氧选择性
催化氧化 HMF 生成 DFF 的反应中是高效的催化剂。其反应工艺条件经进一步优化
后，这些催化剂也可用于未来 DFF 的工业化生产。 后，本研究还利用 GC-MS 和
1H NMR 对含 HMF 和 DFF 的样品进行了表征，GC-MS 检测图谱表明样品中 DFF 产物
谱图与商品化 DFF 纯品的图谱吻合得很好；然而 1H NMR 表征样品中的 HMF 和 DFF
效果并不理想，可能是样品未经纯化所致，对样品鉴定时应注意这个问题，从而
利于该产品后续的鉴定以及分离纯化。 

















In recent years, production of furan derivatives from biomass attracts more and 
more attention because it contributes to building one of the major routes for achieving 
sustainable energy supplies and the production of alternative chemicals. As one of the 
most important furan derivatives, 2,5-diformylfuran (DFF) has many potential 
applications. This thesis firstly reviewed and discussed the catalytic routes for the 
production of DFF starting from the commercial 5-hydroxymethylfurfural (HMF) and 
other biomass-derived carbohydrates, respectively. Detailed description of these two 
approaches for the production of DFF was represented and different catalysts adopted 
were emphasized. Moreover, comparative analysis of some advantages and 
disadvantages of these two catalytic routes was also addressed. 
Although vanadium-based catalytic systems might have relatively high activity 
in the chemical catalytic oxidation of HMF to DFF, most of them are often used in 
stoichiometric forms, thus the catalyst amounts turn to be so much in the practical 
production of this desired product. The active species in them cannot have their 
activity performed to the best. And the usage like that is also not favorable for the 
recycling of these vanadium-based catalysts, which does not conform to the concept 
of green chemistry. The preparation methods that having the active species in these 
vanadium-based catalysts immobilized onto some appropriate supports have been 
taken into acount during our research process. So, we have obtained some catalysts 
with perfect performances in thermal stability and more catalytic active sites due to 
their high specific surface areas. Some metal oxides and molecular sieves supported 
vanadium oxides catalysts have been well investigated in our research, and the 
reaction process and mechanism over these catalysts were also dissussed. This study 
will provide certain guiding significance for the follow-up researches based on this or 
a series of other studies on the reaction systems, and catalytic oxidation process that 
adopting a cleaner approach for the future industrial production of DFF. 
HMF is an important bio-based platform chemical, and its aerobic selective 
oxidation to DFF still remains a challenge. This work dealt with an active manganese 















of ~73% at 393 K and 60 bar O2 in N, N-Dimethylformamide (DMF). Through 
analysis of liquid products and the catalyst characterization using X-ray diffraction 
(XRD), a scanning electron microscope (SEM), a transmission electron microscope 
(TEM), and an elemental analyzer, the results showed that this AMD catalyst is a 
low-cost, efficient, and environmentally benign heterogeneous catalyst for the aerobic 
selective catalytic oxidation of HMF to DFF in a one-pot technique. These research 
results may provide guidance for the development of more efficient catalysts for the 
future industrial production of this high-value added DFF. Although DFF has many 
potential applications, the production of DFF on a large scale is currently a challenge. 
As an alternative to the production of DFF from HMF, the target product DFF could 
be obtained from biomass-derived glucose with a complex catalytic system 
(AlCl3·6H2O/NaBr and a vanadium compound aided by molecular oxygen) in DMF. 
In this research, reactions were conducted in reactors with different capacities. The 
results showed that DFF yields based on glucose could reach 35~48% with almost 
complete transformation of glucose. This one-pot two-step reaction is characterized 
by the abundance and low cost of the starting materials, and the elimination of the 
separation and purification of HMF. This might have great potential for applications 
in the future production of DFF on a large scale after further advancements and 
optimizations. 
To realize the industrial production of DFF in the future, many methods have 
been attempted to achieve this product efficiently. In this research, some transition 
metal compounds and lanthanides, including Nb2O5, V2O5, C3F9O9S3Yb·xH2O, 
Na3VO4, KVO3, MnO2 and a CuCl+KVO3 synergistic catalytic system, were adopted 
as plausible high-efficiency catalysts in aerobic oxidation of HMF with the purpose of 
achieving the high value-added DFF. The results from gas chromatographic analysis 
(GC) and gas chromatography-mass spectrometer (GC-MS) showed that Nb2O5 and 
Na3VO4 seem to have no obvious catalytic activity in this reaction. Moreover, no DFF 
was formed with C3F9O9S3Yb·xH2O and MnO2, but other oxidation products such as 
5-acetoxymethyl-2-furaldehyde was formed; KVO3, V2O5 and the CuCl+KVO3 
synergistic catalytic system were found to be efficient catalysts for the aerobic 
selective oxidation reaction from HMF to DFF. Furthermore, characteristics of liquid 
samples containing HMF and DFF have been operated with GC-MS and 1H NMR. 
The results showed that the spectrum of the obtained samle is similar to that of the 















so ideal. The reason might be that the sample was failed in purification. So, more 
attention should be paid to this problem, thus conducive to the subsequent 
identification and purification of the product. 
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学品的一种重要的平台分子[3, 8, 12-27]。 
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